
by human activities creates artificially high den-
sities, leading to rapid habitat change and mal-
nutrition. The ^resulting deaths are highly
unnatural.

lf K, the carrying capacity of a reserve were
to be reduced (eg. either by lower rainfall or

destruction of the vegetation) at a rate faster
than' the elephant populations could adjust
to the 'change, there could be a phase when
the elephant densities are in excess of carrying
capacity, when the rate of habitat destruction
would accelerate. The very high survival of the
adults contributes to this.

r!

AN INDIRECT METHOD FOR COUNTING
ASIAN ELEPI{ANTS IN FORESTS

A synopsis of lectures and field exercises given at the
Workshop on Censusing Elephants in Forests.

A.r.F.M. DekkerJ , Shanthini Dawson2 and Ajay A. Desai3

INTRODUCTION

An indirect method for estimating elephant
densities in Asia was introduced at this Work-
shop. lnstead of relying on direct sightings of
elephants, the method samples the density of
dung piles and correlates this to an estimate
of the actual number of elephants present in
the censused area.

This particular method was first developed

by Barnes & Jensen (1 987) and used in the
Central African forests. As a direct result of the
1984 meeting of the IUCN/SSC Asian Elephant
Specialist Group (AESG) the need for standard-

izing census methods was recognised. Subse-

quently a workshop was conducted at Mudu-
malai by the subcommittee set up to investigate

this matter. This workshop proposed Barnes &

.lensen's method as a possible census technique
for use under conditions not favourable to
direct sightings such as dense forest habitats
(Sale & Johnsingh, 1988). As a majority of

elephant habitats in the present geographic
range comprise dense forests; the idea was ac-

cepted in principle and the AESG set up a series
of field trials (funded by WWF - lnternational
and Wildlife Conservation International) to test,
modify and adapt the method, wherever neces-

sary. The field trials, conducted in '1988/89,

were indeed successful and implementation of
the method with appropriate modifications
was proposed in 1990 (Sale et al. 1990; Dawson,
1eeO).

THEORY (Synopsis of lectures)

The method involves measuring three
distinct parameters in order to arrive at an esti-
mate of elephant density. They are:

1. Density of dung (number of piles per sq km)
=Y;

2. Rate of dung decay (per day) = r;
3. Defaecation rate (number of dung piles

produced per elephant per day) = D.

Food and Agriculture Organization of the United Nations. UNDP/FAO/GOI Project IND/88/008, Wildlife Institute
of India, Dehra Dun 248 006, India.

Department of Zoology, University of Oxford. Present address : 49 Model House Street, Bangalore 560 004,
India.

3 gNHS Elephant Project, Mudumalai Wildlife Sanctuary, Kargudi PO, Tamilnadu 643 211, India.
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Together these parameters give an estimate
of elephant density (E) using the formula:

ExD=Yxr

Estimating dung density

The line transect sampling model as des-
cribed by Burnham, Anderson & Laake (1980)
is used to estimate dung density. Each transect
is traversed along a straight line, and every dung
pile seen from this line (on either side) at any
distance is taken into account, and the perpen-
dicular distance from the transect to the centre
of the dung pile is measured. That means the
transect width, as determined by the maximum
perpendicular distanc-es, is variable. This is in
contrast to a fixed width, which limits data
collection to objects (dung piles in our case)
that fall within a predetermined distance on
either side of the centre line and assumes that
all objects within this area are found. However,
it has been shown that even with a very narrow
strip width many objects will still be missed
(Anderson et al, 1979; Burnham & Laake,1979;
Robinette et al, "197 4).

Figure 'l: A diagrommotic representation of a
line tronsect somple. Only those dung piles seen
from the transect have lines drawn to indicote
their perpendicular distances. Note thot all
dung piles on or very near the tronsect line are
olwoys detected while those greoter distances
have o low probobility of being detected (ofter
Burnham et ol. 1980).

All perpendicular distance measurements
together with the total length of transect run,
are used to calculate the density of droppings

using a technique called the Fourier Series
Analysis. Explanation of this technique goes far
beyond the present scope, and readers are re-
ferred to Burnham et al. 1980, for details.

The transects are "one-off" and need not be

repeated to measure the rate of accumulation
of dung (Jachmann & Bell, 1984) by assuming
that the environment is in a steady state with
regard to the density of droppings. That is,
the proportion of dung piles deposited each day
is equal to the proportion disappearing (as a
result of decay) and hence the density of dung
in the system is constant (fllcClanahan, 1986).
Thus, with E = density of elephants, D = the
number of dung piles deposited per elephant
per day, Y = density of dung and r = daily
rate of decomposition, the formula ,to calculate
elephant density becomes:

E=Yxr
D

Decay and Defaecation rates

To be abte to relate dung density to actual
numbers of individuals, it is obviously necessary
to collect data on the rate of production of dung.
(defaecation rate), and a the rate at which dung
disappears from the system (decay rate).

Consider the case of an area previously not
occupied by elephants. From the first day on-
wards, each individual will produce an average
number of dung piles per day (defaecation rate).
Decay will immediately set in, but it may take
days or weeks for the dung pile to be completely
removed from the system. Through monitoring
a sample of dung piles, the daily speed at which
this process takes effect can be calculated: the
decay rate. ln the beginning the daily pro-
duction by elephants will outweigh the number
of dung piles disappeaiing per day through
decay. This will continue till the product of the
total number of dung piles present in the system
times the decay rate equals the daily production.
From this moment on the system can be seen

as being in equilibrium regarding the number of
dung piles present on any given day. This state
of equilibrium !s referred to as the steady state.

gooa
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Defaecation rates and dung decay 4e not

constant but vary between habitats and seasons'

Environmental conditions determine both quan-

tity and quality of food and feeding which in

tuin influences defaecation rates (Barnes, 1 982)'

Agents of decomposition, such as dung beetles

and termites, are highly dependent on climatic

factors such as temperature and moisture,

consequently affecting dung decay (Kingston,

1977). Seasonal movements of elephants in

and out of an area wijl have a direct effect on

dung density. This means that a steady state

with regard to dung density will not apply

throughout the year for a given area, but will

show a transition period between seasons

before elephant movement patterns and environ-

mental conditions are relatively constant again'

Therefore, it is essential that the above para-

meters together with the dung density are

measured well within one season.

Defaecation rates are collected by observ-

The rate of decay is measured by monitoring
a minimum sample of 50 fresh dung piles until

they have completely disappeared. Each iample

is categorized into any one of five distinct

stages of decaY:

All boli intact, fresh, moist, with
odour.
All boli intact, drY, no odour.
More than 50% of all boti intact.
Lessthan 5oo/oof all boli intact.
All boli broken up and/or flat amor-
phous mass.

Dung pile no longer visible.

interpretations and obidctively standardizes the

classification. The dung piles are then moni-

tored at regular (days 3, 5, 7 and thereafter

weekly) intervals and recategorized (if neces-

sary) for the duration of the experiment.

Census Design

The method presented above is based on

sampling, rather than conducting a total count

of a given area. This brings with it a set of extra

impliiations to be taken care of in the census

design.
th. .t." to be censused (the census zone)

must be divided into more or less homo-

genous units. These units can be based on

habltat type (e.g. natural forest, plantation,
thorn scrub), or preferably, on elephant
densities/use patterns (e.g. high, medium

low use areas) when known.

Within each unit a number of transects are

laid in a random Yet controlled waY:

1. transects must be in a straight line;

2. transects must cut across topographic or

habitat features, not along contours,
valleys or streams;

3. all transects together must provide a

reasonable cover of the unit both in

terms of accumulated length as in being

spread out over the unit'sarea;

4. the logistics involved must be practically

feasible (i.e. accessibility, transport,
time frame).

A number of short transects is preferable to
one long one. This generally ensures a better
sample is taken (more evenly spread over the

unit's area), and at the same time will pro-

vide a more reliable basis for the calculation
of densities. For statistical reasons, 5 sepa-

rate transects is the bare minimurh, 10 or
more is preferable. A minimum length of
2 km'will be practical in most cases. 

.

' '( j

These'decay stages are cat€gorized according

tg, the physical condition' of 
.a- 

du.ng pile as

qbposed, lo its "age-". This avoids all subjective
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DATA ANALYSIS

Dung DensitY

The use of a simple computer program, ELE-

- from the authors.

the state of dung changes over time within a

given season. Dung encountered on the density

Iransects (see above) are also categorised using

the same criteria and is representative of the

state of dung in the environment at that point

in time. Both these sets of observations are

made at the same time of year, when environ-

mental factors are assumed to be constant'

From the decay rate experiment relative pro-

portion of dung at each stage of decay can be

calculated. This is then used to predict the pro-

portion of each stage that is expected to be

observed on the transect. The hypothesis is

that if the observed and expected proportions

show no significant difference, then the environ-

ment is in steady state. This hypothesis is

readily tested by using the one-tailed chi-square

Goodness-of-fit test.

FUTURE DEVELOPMENTS

Potential difficulties with the indirect

method presented here concern the decay rate

experiment and the assessment of the steady

Steady State AssumPtion

As this assumption (see above) is critical

to this method producing realistic results, it
is important to ascertain whether or not it
holds. A way of doing this has been proposed

in Dawson (1990) and is as follows. Dung decay

is categorised into five stages (see above)'accord-

ing to its physical state. This sample of the

dring "population" effectively represents how

15



Ms Santhini Dowson ot Mudumalai Wildlife

Sanctuary (Photo : Chorles Sontiopilloi).

state assumption. The decay rate experiment
must yield data on dung piles that completely
disappear before the end of the experiment
(i.e. end of the season). Our field tests to date,
carried out in a variety of habitats and different
seasons, indicate no difficulty in meeting this
prerequisite, as long as the experiment is plan-

ned carefully. Gathering data on the cumulative
proportions of each stage of decay from the
experiment is essential for testing the steady
state assumption with regard to dung piles

in the system censused. This being most critical
for the validity of the census method presented

here, future developments will particularly
concern this aspect.

In relation to this a proposal, made unfor-
tunately only on the very last day of the work-
shop (Hiby pers- comm.), outlines a technique
which could effectively eliminate the need to
make the steady state assumption. However,

Hiby's method has never been tested in the

field, and although theoretically a very interest-
ing concept, serious doubts were expressed

about its practical implementation in the field.
Field tests are planned to confirm is feasibi-
lity.

THE MANUAL

A techniques manual on counting elephants
in forests is being finalized. This manual deals

with both the direct and indirect methods
endorsed by the Asian Elephant Specialist
Group. First it deals with the practical aspects

of planning and designing the census operation
and guides you in choosing the most apprG'
priate method. Further, it describes the direct
and indirect method respectively, drawing the
user's attention to some important requirements
that need to be fulfilled to obtain reliable
estimates. The description in these sections are

followed by a step by step guideline to the
execution of the actual census. And finally,
the operating manual for the computer program

ELEPHANT is provided.

At the end of the manu:il are appendices
giving some details of the concept of line
transect sampling and the assumptions it makes;
some simples equations, with a worked example,
to enable you to ascertain whether your sam-
pling effort is of an acceptable level; and samples
of data collection sheets.

PRACTICE (Synopsis of field exercises)

Field exercises to demonstrate the indirect
method were conducted on three days. On the
first two days the exercise was carried out in
Mudumalai Wildlife Sanctuary (dry deciduous
and thorn forests), and on the third day in the
nearby Nadugani Reserve Forest (dry evergreen
forests).

For the Mudumalai exercises, the parti-
cipants were divided into four groups, headed

by the authors and S.K. Varman of the Indian
Institute of Science. This was primarily to get
the participants acquainted with field. proce-
dures (data collection and use of equipment)
under relatively easy terrain conditions.

!!
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Prior to setting out into the field the par-
ticipants were familiarised with the equipment
used in collecting data on the dung density
transects. These include :

Hip-chain (topofil) to measure transect
length.
Compass to follow a straight line.
Tape measure to determine perpendicular
distances.
Data collection sheets.

At any given moment only three persons of
each group were actually collecting the data:
the team leader, carrying the hip-chain and
compass, and two helpers. The team leader was

responsible for maintaining the compass bearing
and straight line, and for spotting dung piles.
His helpers' duties included measuring distances
to dung piles spotted, identifying decay cate-
gory of each pile, recording all data, and assist-
ing the team leader in any other way. All tasks
and duties were rotated among the group
members, so everybody got first hand expe-
rience. Transects were carried out over a length
of 2 km, and generally took about three hours
to complete (excluding the time needed to
get to and from the transect start and end point).
Data collected on these transects were used to
introduce the analysis procedures and the use

of the computer program.

In contrast, the Nadugani Reserve Forest
was set up to resemble an actual census opera-
tion. For this the participants were divided
into five smaller groups. The data set from
this exercise (see below) yielded an estimate of
actual elephant density by using decay and
defaecation rates (which could not be gathered
in the short duration of the workshop) with
figures obtained in previous studies (Dawson,
1eeo).

As the experiment to estimate the rate of
decay spans several weeks no data could be
collected. However, the participants were
shown how the experiment was set up. This
included the marking technique recommended,
using bamboo stakes with sample numbers
and dates written on it with water.proof mark-

ing pens/paint, examples of sample size and the
five categories of dung by is.physical condition.
ln particular, they were shown,rsamples of all
possible stages of decay a given dung pile could
be in at any given time ("age").

In order to collect data on defaecation rate
the use of domestic elephants (where available)
fed on natural fodder and/or allowed to free
range was discussed. Although actual data
collection in these circumstances is fairly
straight forward, the participants were cautioned
against making observations for short
periods as elephant defaecation patterns show
cyclic rhythms (data from a previous study
was presented (Dawson, 1990)). Therefore,
it was stipulated that observations be made over
12-hour time blocks. A minimum of 20 such
blocks covering both day and night was re-

commended.

Data.Analysis

The field exercise at the Nadugani
Reserve Forest was conducted to demonstrate
to Workshop participants the realities of dung
counts in evergreen forests and mountainous
terrain.

The participants were divided into 5 groups,
each headed by one of the authors, Richard
Barnes and P.S. Easa. The baseline for the
transect starting points was the .access path
running along a stream at the valley bottom.
The first starting poin:t was chosen at random
and thereafter they were spaced 1.5 km apart.

All transects had the same compass bearing
cutting across the contours and went up into
the mountains. At the beginning of the exercise
it was decided that al! transects should stop
after 1 km or after 3 hours, whichever was

sooner.

Total transect length covered was 3.831 km
in which 28 droppings were seen: The result
of 'the data analysis using the program ELE-
PHANT is shown below. :
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Nadugani Reserve Forests, Tamilnadu. Dry Season. Five transects of varying length.

Frequency distribution of perpendicular distances:

1 10
28
34
44
51
60
71

* * *** **i. **

* *** ***+
****
+***
+

*

First column indicates the end of each interval in meters, i.e.3 means the interval between 2 and 3

meters, EXCLUDING 2 but INCLUDING 3. The sole exception is for the 1 m interval which
INCLUDES the distance 0 (zero). This is done because the transect width includes the cut off value
given. The second column gives the total numberof observations in the particular interval. * indicates
one observation, + indicates there are more than 70 observations and the histogram is cut off at that
level:-

The data set has been truncated to a width of 7 m. The number of droppings per individual transect
may have changed. The distribution is now:

N= 28
w - 7.00
L - 3.831 km.

droppings out of a total of 28

meters
5 replicate transects.

2 terms
0.3564
0.003734
1302per sq km

Line 1

Line 2
Line 3
Line 4
Line 5

0.850 km
0.669 km
0.762 km
0.600 km
0.950 km

Number of droppings included
Number of droppings included
Number of droppings included
Number of droppings included
Number of droppings included

0
4

11

7

6

M=
F(o) =
Var F(0) =
DENSITY =

Var(D) = 252109.546875, based on t-distribution,pp 54,
112of Burnham et al.

95% CL = 1393.84 95% confidence interval : -92 to 2696
Amount of variation of Var(D) due to var(n) = 34.5%

due to var(F(0)) = 17J%

WARNING : THE AMOUNT OF VARIATION DUE TO THE SAMPLE SIZE lS MORE THAN
1O%. YOU SHOULD INCREASE THE NUMBER OF TRANSECT LINES.

Decay rate : 0.0127; Defaecation rate : 13.133 (Dawson, 1990), therefore density of elephant =
(1302 x 0.0127) 113.133=1.26 per sq km.
Note : The decay and defaecation rates given here are not strictly valid for application in this area.
However, these are borrowed from a similar area in order to complete the calculation.
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DATA RECORDING SHEET.DECOMPOSITION RATES

MayorJhon Scrub

STARTING DATE:8.3.89:: U.J.U9 j , f llllJnlllrt LrtsraE. 49.v.ov ; , t,, ,.,,., '. r! , ,FINISHING DATE: 25.5.89

<a

:.
*.Grades for dung piles by its state of decomposition: A = Boli intast, fresh, moist with odour; B =-Boli.intact, no

oAoritCf=>5d%'goliintac$62=(50%Boliintact;D=Allboli disintegrated,flatmass;E=Notvisibleunlesr

right on transect. +r g = $16{e; SO = Semi-Open; O = Open.

SAMPIJ
No.

DATE OF
LOCATIOI\

LOCATION OF
BOLI TI

STAGES OF DECOMP-OSITTON

I/HEN 1s1

IIGIITEE
WEEK

1
WEEK

2
WEEK

a
WEEX

4
WEEK

6
WEEK

6
WEEK

7

IYEEK
8'

ITEEK
9

WEEK
10

85 8.3.89 Shade A c1 c2 c2 c2 c2 D D E

86 8.3.89 Semi open c1 cl c2 c2 c2 c2 c2 c2 D D D

87 8.3.89 Open c1 c1 c2 c2 c2 c2 c2 D D D D

88 8.3.89 Open A B c1 c2 D D E

89 8.3.89 Shade c1 c1 c1 c1 c2 c2 c2 D D D D

90 8.3.89 Shade cl c1 c1 c1 c1 c1 c1 c2 c2 .D E

,
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